. We here present evidence that season of birth is a determinant of breast cancer risk. Without addressing the pregnancy oestrogen hypothesis, birth seasonality would suggest perinatal influences. Our examination was prompted by the realisation that the food supply in Sweden must have had a more seasonal variation at the beginning of the century than it does today, owing to poorer food preservation and handling methods.
proposed that increased levels of pregnancy oestrogens -or other exposures in utero -may increase the future risk of breast cancer im daughters. This hypothesis was directly supported by two investigations Sandson et al., 1992) . Further, highermaternal age at birth (Thompson & Janerich, 1990) , being first-born (Hsieh et al., 1991) and being a twin are associated with increased breast cancer risk and also with increased kvels of pregnancy oestrogens (TambyRaja & Ratnam, 1981; Bernstein et al., 1986; Panagiotopoulou et al., 1990) . Finally, pathological studies of newborns have suggsted prenatal influences on breast cancer risk (Anbzhagen & Gusterson, 1992; Anbagen et al., 1992) . Nevertheless, the hypothesis and the supportig evidence have been received by the scientific community with eptcism, aptly summarised in the statement that ' [the perinatal orgin of breast cancer] stretch(es) biological credibility' (Miller, 1993) .
We here present evidence that season of birth is a determinant of breast cancer risk. Without addressing the pregnancy oestrogen hypothesis, birth seasonality would suggest perinatal influences. Our examination was prompted by the realisation that the food supply in Sweden must have had a more seasonal variation at the beginning of the century than it does today, owing to poorer food preservation and handling methods.
Pates amid mtho"
Since I January 1958 all newly diagnosed malignant tumours in Sweden must be reported to the National Cancer Registry by both the physician who makes the diagnosis and the confirming pathologist or cytologist (The Cancr Registry 1960-92) . At the time of this study the Registry was complete up to 31 December 1989. We used information on site of the tumour, the birth date portion of the patient's national registration number and the year of diagnosis. Through the Registry, we identified all females reported with a first invasive breast cancer code 170) by 12 months). Each patient was assigned to one of these cells based on her year and month of birth. Poisson regression models (Prener & Carstensen, 1990) were used to examine the data for seasonality using the log (number of births) in the multiplicative model. We also considered whether childrn born in particular months or seasons might have a higher probability of survival until adulthood. To assess this possibilty we studied the birth seasonality among 466,336 women with cancer at sites other than the breast in the same database, again adjusting for seasonality of live births in the underlying population at risk. seasonality components for breast cancer risk in each decade. Regression coefficients and 95% confidence intervals for the full model (decade, month as a continuous variable and sine-and cosine-bansformed month) for predicting the natural logarithm of breast cancer incdence are presented in Table IV . Figure 1 shows prediced and observed values for the log incidence for all the periods. This study shows birth seasonality among women who developed breast cancer in Sweden during the period 1958 to 1989. Inclusion of the number of births in the multiplicative model eliminates the possibility that the observed pattern reflects variability in the population at risk. Furthermore, the lack of birth seasonality among Swedish women with cancers at sites other than the breast indicates that differential survival to adult age by season of birth is not a source of bias in our data. Confounding due to exposures later in life is also unlikely, since it is almost inconceivable why they should be associated with month of birth.
Resdut
Our data cannot be used to examine for the effects of age at diagnosis or cohort effects, since they are confounded. The different birth cohorts were under observation during different age spans during the operation of the Cancer Registry, and were observed for varying periods of time. These two factors are combined in the decade effect (the intercept term in the regression models), and cannot be separated. Despite the fact that the Cancer Registry started operation in 1958, and provided over 30 years of follow-up, we have no birth cohorts that have 100% follow-up between the ages of 30 and 70. Thus, for the earliest birth cohorts, we have only diagnoses among the older women who survived to 1958 (the beginning of follow-up), while for the younger cohorts we have only the patients who developed cancer at younger ages (39 or less for the 1950 and after cohort). Attempts to resolve this confounding by restricting the size of the study base would have seriously reduced the power of the study.
In their statistical appendix, Prener and Carstensen (1990) point out that the analyses using the number of births per month are valid assuming that mortality does not depend on month of birth. An additional unstated assumption is that differences in follow-up time are not dependent on month of birth. Neither of these assumptions was valid for our study, since we observed large, statistically significant interactions of month (NMO) with period. In the oldest cohorts, more patients were born at the end of they year than at the beginning of the year, as evidenced by the positive values of NMO in the regressions with breast cancer (Table IV) or all other sites (data not presented). In the older cohorts risk apparently increases for persons born later in the cakndar year, and then suddenly drops at New Year. This finding lacks biological meaning, and we ascribe the increase in risk during the year as an artifact of a differential mortality for those born at the beginning of the year compared with those born at the end of the year. Since persons born in January are, on average, 11 months older than those born in December, more of them have died prior to the start of follow-up, and thus the relative size of the population at risk increases from January to December. Positive values for NMO in the younger cohorts may be due to varying follow-up times and/or rising age-specific incidence rates. In the last birth cohorts the individuals born in December have been under observation for shorter periods of time and are younger, and thus appear to have a lower risk than the January-born women. Presumably this decrease in incidence for those born in Deceber compared with those born in January would diminish as follow-up time increased and the birth cohorts age. Inclusion of NMO in the models is required to correct for differential mortality and follow-up owing to month of birth in the various birth cohorts. Prener and Carstensen (1990) achieved reasonable fits to their data without removing the confounding effects of month. However, their study started with younger birth cohorts (the oldest were born in 1900-10), and follow-up started earlier (1943) in the Danish Cancer Registry. The oldest individuals in their study were only 43 years old, thus minimising the effect of differential mortality. In addition, their analyses were done with testes cancer, and the youngest birth cohorts were born in 1950-59. Since the age-specific incidence rates for testes cancer peak at a much younger age, varing lengths of follow-up and increasing age-specific incidence rates were not a problem in their study.
The risk of breast cancer shows a cyclic pattern depending on month of birth. Statstical signif at an arbitrary 95% was achieved only for the periods 1880-90, 1900-10, 1910-20 and after 1950 , although the period 1890-1900 was close (P = 0.90). Parameter estimates for the cyclic components in periods from 1880 to 1920 were rather similar. They indicate a peak for persons born in the summer months, during May or June. The change in incidence is small, however, corresponding to a fluctuation of approximately 4.8% for the period 1900-1910. Parameter estimates for the period after 1950 were completely different, however, with a maximum in the autumn. These women, at most 39 years old, represent premenopausal breast cancer.
The demonstration of birth seasonality in women with breast cancer born before 1920 represents a powerful argument that perinatal factors influence breast cancer nsk. We can only speculate about the nature of such factors, though their effect on breast cancer has clearly diminished. The highest risk is evident in women born in June, the month with the more extensive and intensive daylight. Light reduces melatonin secretion from the pineal gland, and it has been postulated that melatonin suppresses the development of breast cancer (Stevens et al., 1992) . However, the melatonin effect has not been established and, if it exists at all, it is more likely to affect tumour progression rather than early, preinitiation, stages. In adtion, variation in day length has not changed, though the effect of artificial illumination is not known. Conceivably pregnancy oestrogens, other pregnancy hormones or post-natal exposures (including diet) may have a seasonal variation.
Birth weight may be another risk factor for breast cancer ) that shows seasonal variation. During the period 1905 to 1914, children born in Uppsala county during the spring or summer had a higher mean birth weight (3,369 g) than those born in the autumn or winter (3,312 g), possibly because of differences in the diet of the mother during the last triter. This difference in birth weight, 57 g, has steadily decreased and was only 15 g for the period 1984-86 (3,485g vs 3,470 g).
The principal conclusion of this study is that perinatal factors are important in breast cancer carcinogenesis, although their nature remains elusive. Evidently, such perinatal influences do not dirtly challege other hypotheses postulating that genetic or later environmental exposures also contribute to the occurrence of breast cancer.
